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Economic analysis of chemical vs. biological suppression of the European
corn borer in Iowa corn production
Abstract
The European corn borer (ECB) is second only to the corn rootworm in importance as an insect pest of field
corn. It causes an estimated $ 100 to $250 million in crop losses annually in Iowa alone. Iowa field corn
sometimes receives chemical insecticide applications to control ECB if populations are high enough to
warrant treatment. Seed corn routinely receives two to three insecticide applications per season to suppress
ECB populations. Scouting and properly timed applications of insecticide or Bacillus thuringiensis (known
d&Bt), a bacterium that works as a biological control, can manage first generation ECB effectively. However,
the ECB has developed an extended egg-laying period, which makes it difficult to control second generations
in part because of the difficulty in timing the treatments.
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Background 
The European corn borer (ECB) is second only 
to the corn rootworm in importance as an 
insect pest of field corn. It causes an estimated 
$ 100 to $250 million in crop losses annually in 
Iowa alone. Iowa field corn sometimes re­
ceives chemical insecticide applications to 
control ECB if populations are high enough to 
warrant treatment. Seed corn routinely re­
ceives two to three insecticide applications per 
season to suppress ECB populations. Scout­
ing and properly timed applications of insecti­
cide or Bacillus thuringiensis (known d&Bt), a 
bacterium that works as a biological control, 
can manage first generation ECB effectively. 
However, the ECB has developed an extended 
egg-laying period, which makes it difficult to 
control second generations in part because of 
the difficulty in timing the treatments. 
Pest management approaches that rely heavily 
on chemicals are under increasing scrutiny. 
Government regulations, prompted by grow­
ing public concern about pesticide residues, 
environmental contamination, and worker 
safety, are increasing. In response, research­
ers are working to develop and implement 
alternative pest management tactics (such as 
biological control) and to integrate them with 
current control measures. 
Biological control of ECB is not a new re­
search area. Early efforts showed that simply 
importing natural enemies of the ECB is insuf­
ficient; recent efforts suggest that using these 
enemies like insecticides—with carefully 
timed, intensive releases of these living organ­
isms or their products—may be the key. Two 
effective, commercially available biological 
controls, Bt and Trichogramma brassicae, a 
small stingless wasp that kills ECB eggs, have 
resulted from this research. Several other 
natural enemies, including both parasitoids 
and pathogens, show promise particularly in 
combination with each other. 
The goal of this study was to determine whether 
an effective, economical management pro­
gram for second-generation ECB could be 
developed by using biological controls as both 
preventative and curative tactics. T. brassicae 
was used as a preventative pest management; 
Bt and Beauveria bassiana, a fungus, were 
each used as curative tactics. As a point of 
reference for efficacy, investigators also used 
curative treatment with the best performing 
insecticides for ECB, permethrin and methyl 
parathion. By comparing the costs and ben­
efits of insecticides with those of biological 
controls, results of this study were intended to 
help corn growers—who face increasing pres­
sures regarding insecticide use—to weigh the 
advantages and disadvantages of chemical in­
secticides and biological controls for ECB 
management in Iowa. 
The two ECB management approaches to be 
studied were 
(1)	 use of a recommended insecticide as a 
curative treatment if warranted, based on 
no scouting and monitoring programs and 
use of economic injury levels (EILs); and 
(2) biological control programs based on pre­
ventative and curative tactics, including 
(a) early-season B. bassiana applications 
as well as curative application of Bt, if 
needed; 
(b) early and mid-season applications of 
the egg-wasp T. nubilale, based on scout­
ing; and 
(c) early-season application of the parasi­
toid Macrocentrus grandii contaminated 
with the pathogen Nosemapyrausta, based 
on scouting. 
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Approach and methods 
Conventional agronomic practices for field 
corn production were used for this study. Two 
varieties of Pioneer field corn were planted at 
ISU farms near Ames; because of the large plot 
sizes, investigators used ISU Farm Service 
"bulk corn" fields. Commercial seed corn 
plots were provided at Grimes and Johnston by 
Pioneer Hi-Bred International. 
The 1991 experiment involved a randomized 
complete block with two replications con­
ducted in both field and seed corn. T. brassicae 
plots in each type of corn were located ap­
proximately 400 meters (m), or 1,360 feet, 
from the remaining plots to avoid confounding 
effects resulting from the dispersion of parasi­
toids. Plot size of each replication of each 
treatment was one hectare (ha), or 2.47 acres; 
thus, the experiment in each type of corn 
required 12 ha. This large size avoided "edge 
effects" that would result from dispersion of 
parasitoids and thus more accurately reflected 
what might occur in commercial corn fields. 
Field corn treatments originally planned for 
1991 included (1) preventative application of 
the egg-wasp T. brassicae broadcast in 486 
capsules/acre with three total applications at 
seven-day intervals beginning prior to 5% 
emergence of corn borer pupae through the 
egg-laying period; (2) one application of Bt at 
10 lb/acre banded, based on scouting and pre­
dictions of reaching the EIL; (3) one applica­
tion of B. bassiana at 10 lb/acre banded, based 
on scouting and predictions of reaching the 
EIL; (4) one application of permethrin at 6 lb/ 
acre banded, based on scouting and predic­
tions of reaching the EIL; and (5) an untreated 
check. ECB populations did not develop to the 
point of EILs, however, and treatments 2, 3, 
and 4 were not applied. Data were therefore 
collected only for T. brassicae. 
The treatments applied to seed corn plots in 
1991 consisted of (1) the first treatment de­
scribed in the paragraph above; (2) one appli­
cation of Bt at 6.5 lb/acre banded; (3) one 
application of chlorpyrifos at 6.3 lb/acre 
banded; and (4) an untreated check. 
In 1992, the experiment involved a random­
ized complete block with a split-plot arrange­
ment of treatments. The whole plots were 
insecticidal products; the split plots were treated 
versus untreated plots. There were three rep­
lications in field corn and two in seed corn. 
Treatments applied to field corn plots included 
(1) preventative application of T. brassicae 
broadcast in 486 capsules (121,457 adult 
wasps)/acre; (2) preventative application of a 
second formulation of T. brassicae in corn cob 
grits at 0.03 lb (121,457 adult wasps)/acre 
dispensed into leaf axils from a hand-held 
applicator at 40.5 sites/acre; (3) one applica­
tion of Bt at 10 lb/acre banded; and (4) one 
application of permethrin at 6 lb/acre banded. 
Treatments applied to 1992 seed corn plots 
included the same T. brassicae treatment used 
for field corn; (2) two applications of Bt at 10 
lb/acre broadcast at 10-day intervals; (3) two 
applications of permethrin at 6 lb/acre broad­
cast at 10-day intervals; and (4) two applica­
tions methyl parathion at 1 quart/acre broad­
cast at 10-day intervals. 
Over-the-row, high-clearance machines 
equipped with applicators were used to apply 
insecticides. In 1992, seed corn insecticide 
was applied via aircraft. T. brassicae applica­
tions were made by hand. Sub-plots of five 
plants each were scouted in the center of each 
one-hectare plot (to avoid edge effects). T. 
brassicae plots contained 24 sub-plots (allow­
ing investigators to assess parasitism levels 
more accurately); the remaining treatment and 
control plots contained 10 sub-plots. The 
same plants in each sub-plot were monitored 
weekly throughout ECB egg-laying to assess 
the fate of all observed egg masses. 
EILs were calculated for the field corn plots; 
decisions for treatment of seed corn plots were 
made by Pioneer personnel on the basis of 
commercial seed corn management practices. 
Natural corn borer populations were moni­
tored via several mechanisms. Biological data 
collected for the second generation included 
number of egg masses per plant and their fate; 
number of ECB larvae per plant and their 
location; and type and degree of damage. An 
Volume 3 (1994) 46 
economic analysis was conducted for each of 
the treatments in both field and seed corn. 
Findings 
Spring weather in 1991 dramatically influ­
enced insect population development and the 
study's success. Plots missed the second gen­
eration of ECB because of late planting; thus 
investigators did not apply the crop protectants 
to field corn plots. Seed corn plots, planted 
with an early-maturing genotype, allowed for 
a small, highly variable second generation. 
Although variability of ECB egg-laying loca­
tion was noted between plots in 1991, it was 
mitigated in 1992 (when weather was normal) 
by modification of the experimental design. 
Parasitism of ECB egg masses by T. brassicae 
was noted only in T. brassicae-treated plots; 
because T. brassicae wasp treatments were the 
only ones used in a preventative manner, mor­
tality of eggs was highest in these plots. Inves­
tigators noted significant differences in ECB 
survival as a result of T. brassicae parasitism 
in field corn plots in 1992. 
Percent ECB egg mass parasitism (25%) by T. 
brassicae in seed corn in 1991 was substan­
tially lower than expected; quality control 
measures that determined the vigor of the 
insects used suggested that weather during the 
release period was the primary factor. In 
addition, ECB egg-laying in seed corn plots 
was significantly greater in T. brassicae plots 
than in other plots; this difference was not 
noted in 1992. Also in 1991, reduction in ECB 
numbers and tunnels in seed corn was highest 
in T. brassicae plots and lowest in Bt plots, but 
density of ECB larvae, and the number of 
tunnels per plant, were not statistically differ­
ent among plots in either field corn or seed 
corn. 
In 1992, ECB numbers and tunnels were sup­
pressed at higher levels in field corn plots 
treated with T. brassicae than in plots treated 
with other crop protectants. In seed corn, 
suppression did not differ from levels pro­
vided by chemical insecticides. In field corn, 
where only one application of microbial and 
conventional insecticide was made, the results 
for both exemplify the timing problems of 
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curative applications for second generation 
ECB. There were no significant reductions in 
corn borer numbers in any of the insecticide 
plots in field corn, but in seed corn where two 
applications of insecticides were made for 
second generation ECB, good levels of sup­
pression were obtained. 
Grain yields for 1992 field corn plots treated 
with T. brassicae did not differ significantly 
from others, nor did seed quality from those 
plots. The lack of difference may be attribut­
able to the extended pollination period (cool, 
wet weather) in July and relatively low corn 
borer populations. 
Based on indications that ECB suppression 
with T. brassicae releases is as good as with 
insecticides in seed corn, and better in field 
corn, investigators compared the two ap­
proaches by cost. In seed corn in 1991 and in 
field corn in 1992, T. brassicae cost about 
three times as much as Bt and twice as much as 
insecticides. But in seed corn in 1992, when 
two insecticide applications were made (which 
is typical), T. brassicae cost was from 1.5 to 2 
times that of insecticides. When environmen­
tal costs were taken into account, the costs of 
T. brassicae and insecticide for controlling 
ECB in seed corn were approximately equal. 
For more information about environmental 
EILs, contact W. Wintersteen, Entomology, 
Iowa State University, Ames, Iowa, 50011, 
515-294-1101). 
This project also evaluated the use of Un­
manned Aerial Vehicle (UAV) aircraft as an 
inexpensive alternative for delivery of bio­
logical control agents (see photo). Investiga­
tors constructed two UAVs, determined per­
formance characteristics, and evaluated the 
utility and economics of UAVs for agricul­
tural crop protection practices. 
In addition, along with the field experiments 
described above, investigators designed a large-
scale rearing system for parasitic wasps; they 
had planned to use this system for rearing M. 
grandii and contaminating female wasps with 
the ECB pathogen N. pyrausta, in order to use 
these biological agents as additional treatment 
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Unmanned aerial 
vehicle technology, 
already highly 
developed in military 
and industrial set­
tings, offers potential 
for delivery of biologi­
cal control agents. 
For more information 
contact D. Orr, Ento­
mology (formerly at 
Iowa State University), 
Michigan State Univer­
sity, East Lansing, 
Michigan, 48824, 
(517)336-1335. 
(see 2(c) in the Background section above). 
An economic analysis showed this treatment 
to be too expensive to warrant further investi­
gation. 
In summary, data from both years of this study 
indicate that T. brassicae can be used to intro­
duce an additional mortality factor (egg para­
sitism) into ECB populations. By using T. 
brassicae in a preventative manner, investiga­
tors on this project were able to keep ECB 
populations suppressed. The microbial insec­
ticide Bt was used in a curative manner (fields 
were treated after damaging populations had 
begun developing). 
Implications 
These preliminary results suggest that biologi­
cal control may hold promise for Midwest 
corn production. The data demonstrated that 
T. brassicae wasps reduced corn borer num­
bers and damage at least as well as conven­
tional insecticides. 
Biological control agents are not only environ­
mentally benign; they present little or no health 
risk. As a result, there are no re-entry restric­
tions on fields treated preventively with such 
biological control agents. This in an espe­
cially important consideration in seed corn 
production, where corn borer populations may 
potentially require treatment during the same 
time period as detassling operations—thus 
creating a conflict between worker safety and 
pest management. In addition, governmental 
regulations are restricting the insecticide op­
tions available for pest management in seed 
corn production. If pest management pro­
grams are to remain viable over the long term, 
they must include alternatives such as biologi­
cal control. 
One current obstacle to use of T. brassicae 
wasps as pest management tools is their cost— 
approximately 1.1 to 2 times (depending on 
whether environmental costs are included) that 
of conventional insecticides in seed corn pro­
duction. The cost of these materials will likely 
drop dramatically in the next 10 years as pro­
duction technology improves. Also, as other 
factors (such as environmental costs) are in­
cluded more often in economic analyses, dif­
ferences between biological controls and con­
ventional insecticides may diminish. 
The greatest impact of these results may be 
realized, at least in the short term, for seed 
corn. This project is being continued with 
funding from Pioneer Hi-Bred (which origi­
nally provided seed corn fields, personnel to 
help collect data, and funds to cover yield 
losses due to destructive sampling and check 
plots). Over three years, experiments similar 
to those in this study will be conducted in five 
midwestern states to determine whether T. 
brassicae can be effective over several years 
in various environments. Continued coopera­
tion with industry should expedite incorpora­
tion of results into existing integrated pest 
management programs. 
Data gathered from this study are being dis­
seminated to the scientific and agribusiness 
communities; the investigators will not target 
field corn producers for educational programs 
about this project until the use of T. brassicae 
of ECB management can be shown to be 
economical in field corn production. 
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